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摘  要 
微结构表面是指面形精度达到亚微米级且具有特定功能的微小表面，其主要
的特征在于结构的功能性，如微结构表面光学元件的表面结构决定了对光线的反
射、折射或衍射性能，便于优化光学系统，减轻重量，缩小体积，因此在国防科
技领域和民用工业领域都体现出重要的应用价值和广阔应用前景。近年来，国内
外对微结构表面制造技术的研究不断深入，其中基于快刀伺服（FTS）的超精密
车削技术以其高频响、高定位精度和高加工精度等特点，逐渐成为微结构表面车
削加工的主流技术之一。目前快刀伺服加工主要的研究方向是通过提高快刀伺服
加工机床的运动精度来提高微结构表面加工精度，但是该方法对设备要求高、成
本大，在现有制造技术水平条件下，基于机床特性的误差补偿方式对提高微结构
表面加工精度更加可行且具有实际意义。因此，本文研究了基于两轴快刀伺服平
台的微结构表面加工控制与误差补偿，主要内容如下： 
1、快刀伺服平台的搭建：完成对快刀伺服刀架的设计，机床机械结构和电
气结构的设计，对加工平台进行性能测试并加以优化，同时开发了集加工路径规
划和加工控制于一体的典型微结构表面加工软件； 
2、微结构面型加工路径规划：完成对透镜阵列、菲涅尔透镜以及正弦网格
三种典型微结构的面型计算以及加工路径规划； 
3、微结构面型加工实验：完成对透镜阵列、菲涅尔透镜和正弦网格三种典
型微结构面型的实验加工，从而验证了本文所研究的典型微结构面型加工路径规
划的正确性，并初步分析了快刀伺服平台所存在的误差； 
4、机床运动误差补偿：分别从理论上和实验上完成了对快刀伺服平台所存
在的各轴误差的分离，并将各轴误差补偿至透镜阵列加工程序中，使得透镜阵列
的平均加工误差从 40μm 降到 25μm 左右，从而验证了机床运动误差理论性分离
及误差补偿加工的可行性。 
 
关键词：微结构；FTS；加工路径规划；机床误差补偿； 
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Abstract 
 Microstructure surface refers to the Mini-surface in sub-micron form accuracy 
level and having a specific function, which characterized in functional structure, for 
example, microstructure surface of optical component determines reflection, 
refraction and diffraction of light and optimizes optical system by reducing weight 
and size. And therefore it plays an important role in the field of both national defense 
and general industry. In recent years, researches on the manufacturing technology of 
microstructure surface attract more and more attention and the ultra-precision turning 
technology based on Fast Tool Servo (FTS) becoming one of the main technologies in 
processing microstructure surface for its high frequency response and high precision. 
Currently, most researches try to improve the surface precision of microstructure by 
improving the Fast Tool Servo motion precision, but it needs high requirement for the 
equipment and high cost. From the above，it’s believed that improving the surface 
precision of microstructure by error compensation which based on characteristic of 
machine is the most practical way, especially under the current conditions of 
manufacturing technology. This paper aims to research the processing control and 
error analysis of microstructure surface based on 2-axis FTS platform and its main 
contents are listed as follows:  
1、 To build the FTS platform: Firstly, the FTS feeding mechanism, mechanical 
structure and electric control system of the machine tool were designed; then, 
performance of the processing platform was tested and optimized. Besides, 
software was developed to process typical micro-structure surface and it 
includes both the part of machining path planning and processing control; 
2、 To plan the machining path of microstructure surface: Completed the surface 
calculation and machining path planning for lens array, Fresnel lens and 
sinusoidal grid surface; 
3、 Experiments on processing microstructure surface: through the processed of 
lens array, Fresnel lens and sinusoidal grid surface, it was verified that the 
method of machining path planning for microstructure surface is valid. 
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Besides, preliminary analysis of the errors that exist in FTS platform was 
provided; 
4、 To compensate the machine tool motion error: It was separated the geometric 
error from each motion axis through theoretical calculation and experimental 
measurement respectively, then compensated the error to NC program to 
process lens array. It is found that the machining error was decreased from 
40μm to 25μm, which verified the method of error compensation is effective. 
 
Keyword: Microstructure; FTS; Machine Path Planning; Error Compensation 
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